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Abstract: The accurate simulation of stomatal behavior in diverse soil moisture conditions is important for the
characterization of the responses and the adaptive mechanisms of vegetation ecosystems to climate change and for the
prediction of the carbon and water cycles between the plants and the atmosphere in the context of climate change. Based on
the leaf gas exchange parameters data for spring maize from a field progressive drought manipulation experiment, the
applicability of four common stomatal conductance models ( Jarvis, BWB, BBL, and USO) in spring maize were studied
under drought conditions, the effects of the soil water response function on the stomatal conductance models were evaluated ,
and a suitable soil moisture range for each stomatal conductance model was discussed. The results revealed that the

simulation accuracy of the Jarvis, BWB, BBL, and USO models was affected by the soil relative water content (SRWC) . In
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progressive drought conditions, the BBL model performed the best, followed by the USO model and the BWB model, and
the Jarvis model performed the worst. After the introduction of the soil water response function, the modified USO model
performed the best, followed by the modified BBL and BWB models, and the modified Jarvis model performed the worst.
The simulation accuracy of the BWB and USO models was improved by the introduction of the soil water response function;
the normalized root mean square error (NRMSE) value decreased by 1.99% and 1.02% , respectively, and the relative error
(RE) value decreased by 3.20% and 0.63%, respectively. Although the performance of the Jarvis and BBL models
decreased after the introduction of the soil water response function, the NRMSE value increased by 4.70% and 3.45%,
respectively, and the RE value increased by 6.02% and 2.00% , respectively. The residual stomatal conductance of the BBL
and USO models was relatively smaller than that of the Jarvis and BWB models, which indicated that the BBL and USO
models displayed considerable stability under progressive drought conditions. According to the relationship between stomatal
conductance and SRWC and in terms of the 95% confidence intervals, the Jarvis, BBL, and USO models were applicable
when SRWC was between 33% and 83% , whereas the BWB model was applicable when SRWC was between 33% and 76%.
After the introduction of the soil water response function, the modified BWB model could be applicable for the current
experimental soil moisture range. The results might provide references for the selection of suitable stomatal conductance

models to improve the efficient use and assessment of agricultural water resources.

Key Words: stomatal conductance models; spring maize; progressive drought; water response function; applicability
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Bli ZR AL, Ja ety < 2 R X IX AR (1981—2010) <24 9.9°C , S [ K 1 0 568 mm , 41 Ui
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B 1.8% , 2% T it 0.1% ,0—100 cm +3 H A 457K P {E 22.3% , JHZE RS 6.5% , %5 1.616 g/cm’ ',

L T 2016 AEAER 1 LK 45 fl s 7017, 55 /NXA 5 mx3 m, /DMXEAEE 2 m % 0.15 m
TKVERR B 2B 1A [R1K o345 ) X 2 TA) A [ 2K o3 A8 48, a3 /N X B D7 A R RS i 5 B W 0 3 04 F ARk
BER T KR AP E 405, ARG, 2016 45 5 H 23 H#EF,2016 429 H 28 HIKHk, EKATH N 50 cm,
PREESN 35 em, FIAE S BE 5 K —3%, o 5.3 M/m?®, 36PN S HEIE, Br FHAC R A 815 2 5 BB IR TR, S35
4r= 50% , ERA = 21% , BN 600 kg, FRKTHTITA AT FEAHEK ;6 H 29 H AT 5 — UK 5 Ab B
Frbf . IR XT B (Control ) T2 ALHE 1( Drought 1, f&j#% D1) M+ FALBH 2( Drought 2, f&i#K% D2) 4t 3 /b B,
FEAAbEE 3 ANEE XA Control 7E4/E F WM 4EHF - 587K 4 255 B ; D1 AR W FF iR 420K 4 A
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Table 1 Growth period of spring maize on each observation

43 TH1H THTH 7TH14H TH22H TH29H
Treatment July 1st July 7th July 14th July 22th July 29th
Xt #& Control L GEEIR Y LGl PSR ] pUILNEE ] Eillpc
T4 1 Drought 1 AR WA NGNS U ILNSE: Fr e 15
FE4LFH 2 Drought 2 AT P ISR ISR i)

1.2 ENESITE
121 HIESKE

FKHBETFRE LI E 0—50 cm & 10 em 1885302 Sk &, A A 3 MEKE, HHEEKE 0 it
BT .

o=~V oo
B W, =W, . (1)
T IEAHXHE R SRWC( %) 3T .
SRWC =§ x 100 (2)

)
K, W, B EHEGEH(g), W, Z&H(g), W, 2 T LHE&HE(g), 0, ZMEFFKE(%) .
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(T, ,mmol m™* s™") RALFE (g, mol m™> s7") St - RSB KR (T,,°C) (KRS COMREE
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SRWC HXJHEALBE Control ) SRWC % 51.62% , WLINPIE] , D2 AbHE) SRWC 4445 K A 1.39% , W35 &)
FAbH AL EE LR 2,

®2 VNHEEERMHHFSAZE/ (mol m™>s™)

Table 2 Leaf stomatal conductance of spring maize on each observation

PG 7H1H 7H7H 7H 14 H 7H22H 7H29H
Treatment July 1st July 7th July 14th July 22th July 29th
XF 8 Control 0.39+0.07 0.34+0.04 0.28+0.02 0.17+0.02 0.24+0.03
TR AL 1 Drought 1 0.39+0.03 0.30+0.05 0.21+0.05 0.18+0.03 0.18+0.01
-5 4bBE 2 Drought 2 0.40+0.05 0.25+0.01 0.18+0.02 0.17+0.01 0.17+0.04

22 FEKFRE TR AL T R

SR FH A2 K T LD A5 147 <AL BE RS, Jarvis #5580 BWB #5570 BBL #5571 USO A7 J HK 4318 1F A
TR ALL 28 5 L2 3, FirAg A 105 5 B 3 PERG B8 (P<0.05) o Jarvis £75 BWB #57 BBL #5811 USO #5 7%1 K
HAKAME IER R 5 WL AR R LA 2, BWB #5125 BBL B A1 USO A R 5 00 00 18 4 432
3T 3 51 HEIK 43 B pREUS , BWB-M ALF AT USO-M A7 B HUL(E 4377138 BWB FEALRT USO A5 AR 4D {E B
FEE WL , 177 BBL-M BAUE L BBL 5 AURG 78 SO INAE . AR5 | A 357K 53 e 7 R BSR4 AR AR DL R R 3
i BBL #1780 R* ey, HAR A2 USO #ERIAT BWB #5180 | Jarvis #5155 A1 ; 51 A K 4300 7 pR B0 |, B RIS RIRE R %
A USO-M %) R>fe s Hok & BBL-M BB F BWB-M B Jarvis-M BEEUE AR, 51 A 557K 43 i 57 2R 5k
Jii ,BWB 1 USO &) R* A FF 4, 237 H 0.77 #1°0.89 $275 0.81 F1 0.91; 1fij Jarvis #1 BBL #AY Y R* 2 i
FEAR, 230 1 0.56 F110.92 TR 0.38 F10.85,

®3 SASERBERHEKSEERBSE (n=39)

Table 3 Parameters of stomatal conductance models and the corresponding modified models (7=39)

£ 4] Parameters
Jarvis 1.5462 2.0589 -22.1183 1.1995 -0.0165 0.56 10.704 <0.0001
Jarvis-M 0.7833 -0.9006 14.6826 -0.8619 0.0133 0.38 5.1067 0.0025
m 80
BWB 7.5426 -0.0925 0.77 120.9157 <0.0001
BWB-M 6.3946 0.1314 0.81 162.0454 <0.0001
m £ D,
BBL 6.4979 -0.0316 1.8512 0.92 197.3679 <0.0001
BBL-M 5.5813 0.1406 2.0727 0.85 106.0741 <0.0001
21 &0
uso 1.4456 -0.048 0.89 305.9229 <0.0001
USO-M 1.3143 0.015 0.91 370.777 <0.0001

P TR AL SRR I AR (R 4) . ERFEE T 24T, Jarvis £ A BBL B RIZE 5|
A K55m0 7 pR S BRI R, RIA b B 1, AL BARAS 1 0N 8, RMSE \NRMSE \RE 1 AIC ¥
A PTG, NRMSE 4351138 fin 4.70% 1 3.45% ,RE 435 I+ 6.02% 1 2.00% , Jarvis BAIFES| A +37K -8 1E
T AU T [ B A ik BBL R0, BWB BRI USO R AU AE 5 | A 357K 4301 107 bR KR | R0 305 SR 1 4
LA by la) 1 55T BRI A 17 A k2% , RMSE \NRMSE | RE FI AIC Y45 FT [ 4% , NRMSE 43 B F&A% 1.99%
#11.02% ,RE 53 5IB&A% 3.20%F1 0.63% , BWB 1 BUTE 5 A K 43 M 1 bR 50 A5 40 280 R o i it B8 45 USO #5278
Ko BKE ARG LIRS0 57 R F BRI IR R 80 BBL BRI AL, HORJ2 USO 27 BWB 15
AU Jarvis BIRVER 25 7651 A RIEK 23w 37 bR B AR RS R 3R B USO-M BB AL, R J& BBL-M 45
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Fig.2 Comparison of observed and estimated stomatal conductance (g, )

PR L 1:1 &

B BWB-M #E8Y | Jarvis-M BRUE 22 . 5 37K 53 Wi b RN Jarvis 152 B BWB A5 2 9 A5 UL RICR 52 i ¢
K, % BBL AR ALFT USO AR AL B RCR S A/

*4 SASEHEBREKSMEEEBEUBRIEMNIEIR (n=39)
Table 4 Performance of four stomatal conductance models and the corresponding modified models (r=39)

¥J7 iR 2 RMSE 537 iR

" . . 5 g A AIC {5 B MEN
Y Root mean I%% NRMSE X RZE RE BERLRL b, . {r,' R J
. X Akaike information
Models square error/ Normalized root mean Relative error/% Model slope e
(mol m™2s7!) square error/ % ererion

Jarvis 0.0661 25.00 22.93 0.945 -200
Jarvis-M 0.0785 29.70 28.95 0.923 -186
BWB 0.0481 18.19 16.35 0.971 -231
BWB-M 0.0428 16.20 13.15 0.977 =240
BBL 0.0287 10.86 9.92 0.990 -269
BBL-M 0.0378 14.31 11.91 0.982 -247
Uso 0.0326 12.34 11.32 0.992 -261
USO-M 0.0299 11.32 10.69 0.993 -268

2.3 - EAHXHE R AL T EE AL s e A AT

HRH T A AL B (RS- ) 5 AR RS (SRWC) E R (8] 3) , 7EAR K4 T, Jarvis BEAY
BWB #5i#! BBL AL F1 USO 158 A1 138 sl <AL 5 FE = Al , B Jarvis A8 BWB #5280 5 Ak 5 o 7 i 380K
T, Jarvis 548 BWB %) BBL AT USO AL 18 S AL -3 BEAIRAY , B Jarvis BEAVRT BWB AEAURAL 5,
I 3K 50 37 R AT |, Jarvis-M AEULEAS 38K 4 F 7 EARAS , = 238K 73 F @i 4l s BWB-M 5% BBL-M
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Fig.3 The relationship between the residuals ( estimated g,—observed g;) and soil relative water content
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it 0.05 KFREHRR (FS), K450 THRSILZEMNE S SRWC 14 IhZE A 95% B15 X [7] K AR 4]
fHY5 SRWC &<k, LIBHME S SRWC AHLA 22 a8 HOU{E 5 SRWC L& 4k 1 95% &7 X [ h
FIWTR A 78 2917 T K 51T (33%<SRWC<83% ) , BBL H5 7 1 USO 5 76 AR 1) (1 56 A 77 0L I 1 5 [X [i)
TP, W] BBL BLALRI USO AR ELA — 8 MRS E Mk, T & 55 | A K 3 107 PR, 76 4 1 3K /0 4508 F
HA B v HAERRE T R fE . BWB ARAIE SRWC > 76% 0] A UH S5 SRWC (L5 #h 4 8 H L
MI{E 5 SRWC A 1Y 95% B A7 X E), 765 1 A K 30 1 R A, BEADLE B A L UL (8 15 DX R 95 [ N, 3R
B BWB F R 141 FH 38K /YL Bl 33% <SRWC<76% , 7E fa T 1% 75 Bl BT, 2551 A K43 Ry R, J4E Jarvis
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JE R BT SE 2B, BWB AU R T BBL AL, = e a5 WF5E 2R Jarvis BAURI A o T 24504
TR AR L S R A ASEOURS B 5 T BWB B, Ji A5 R B, USO BORIJGIE 755 A K 430 17 bR 4L
FEAN[AAR R IE] oK ARl 2 L BWB BRI Jarvis A58 SR TE A5 FIEE MERS , H USO-M BLAY LY USO AR AU 5T
HEHf . AFFE T, BBL ARG FORFFE T2 B h R A AT, HOR & USO BEAUH BWB A | Jarvis #2803
M2, WA AR, A SZ 05T % 42 ol DI AR 244 (I [) RUBE A ()5 i), S L S BE RS R AD 30 2R
BTN ek B SRR, S 25 A % TR S I R &R

x5 SASEVNEREMES SRWC @EAFE (n=39)
Table 5 The regression equations of stomatal conductance and SRWC (n=39)

e ) B . )
Models Regression equations
g, y=0.1525-0.0015x+0.00005588x> 0.635 31.3158 <0.0001
Jarvis y=0.3248-0.0066x+0.0000899 13> 0.6676 36.1547 <0.0001
Jarvis-M y==0.17+0.007x+0.0000028045x> 0.9308 242.1215 <0.0001
BWB y=0.0053+0.0058x—0.00002058x> 0.4269 13.4092 <0.0001
BWB-M y=0.0354+0.0025x+0.000025158x> 0.9256 223.839 <0.0001
BBL y=0.0112+0.0044x-0.00000000000008 1642x> 0.574 24.2487 <0.0001
BBL-M y=-0.0395+0.0053x—0.000000000000010381x> 0.8864 140.4964 <0.0001
UsoO y=-0.0095+0.0053x—0.0000080023 x> 0.5515 22.1339 <0.0001
USO-M y=-0.0268+0.0052x—0.0000020706x> 0.7098 44.0183 <0.0001
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Fig.4 The fitting curves of stomatal conductance and SRWC
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